Climate change is a global environmental threat to almost all economic sectors, especially the agricultural sector and Pakistan is no exception to these threats. In Pakistan, farmers are the primary stakeholders in agriculture and are more at risk due to climatic vulnerability. This study, therefore examined farmers' perception about climate change across four agro-climatic zones of Khyber Pakhtunkhwa-Pakistan. A total of 210 farmers were selected through multistage random sampling technique and interviewed by using a well-designed interview schedule. The study results revealed that maize and wheat were the two main crops cultivated by 99.05% and 97.14% respondents, respectively. Among the total targeted respondents, 89.52% respondents reported an increase in temperature, whereas 79.05% observed decrease in rainfall in the province. The logistic regression analysis was carried out to assess factors influencing farmers' perceptions of climate change. The analysis revealed that 89.52%of farmers in Khyber Pakhtunkhwa had a perception that climate was changing. In this respect, age, educations, household size, farming experience and farm income were recorded having statistically significant effect on the probability of the respondents to perceive climate change. It is concluded that mean temperature was increased, while a significant decrease was noted in annual precipitation. Based on the study findings, it is recommended that policy makers should devise policies helping the farmers in coping with changing climate to avoid adverse effects of climatic pattern on overall crop yield. Agricultural extension and meteorological department should work together to forecast weather conditions and transfer the required information and mitigation strategies to the target farming community.
This change is more apparent during the last five decades. Human livelihood activities lead to the emission of greenhouse gases (GHG). These GHGs mainly consist of Nitrous oxides (NO2), Carbon dioxide (CO2) and Methane (CH4) [2] . Increase in the concentration of these gases during the past 50 years have resulted in global warming [3] . This rise in atmospheric temperature has increased evaporation from water bodies and has indirectly changed the intensities and frequencies of rainfalls in different regions [4] . Climate change is a serious and alarming threat to farmers all over the world who reside in marginalized and distant areas like deserts, dry lands and mountainous places [5] . Climate change and unevenness of weather conditions have threatened the productivity of agriculture in most parts of the world. High atmospheric temperatures affect plants, animals and farmers' health. It increase pests' growth, and causes aridity and land degradation by reducing water supply. Modified precipitation patterns result water scarcity and droughts and creates stress for crops and livestock. Storm, drought and floods, induced by climate change, are potential threats to humans and other living organisms [6] . Pakistan is highly vulnerable to climate variability and extremes. Changing climate is strictly related to poverty reduction and food security which are big challenges for the agricultural sector of the country. Agriculture is the second largest sector in Pakistan that contributes 19.8 percent to GDP and absorbs 42.3 percent of the workforce. Around 62 percent of the country's population resides in rural areas, and is directly or indirectly linked with crops production and livestock farming [7] . Despite the reason that there is abundant food production, the country is still not selfsufficient. In this background, important measures are needed to be taken helping farmers to improve their mitigation regarding impact of changing climate on crop production. It is documented by Task Force Planning Commission (TFPC) on climate change that there is an urgent need to measure the impact of climate change on various sectors of the economy for planning and policy making of Pakistan [8] . Khyber Pakhtunkhwa has different climate conditions and a number of crops require specific suitability for their vegetative reproduction. Farmers belong to different areas has different response to climate change. Types of adaptation in farming communities include switching to alternative crops which are more profitable changing growing traditional method and cultivate early or later a specific crops. Such sort of method is very common and used by majority of the farmers. To educate the farmers is keen responsibility of extension workers who teach them the news method of adaptation to mitigate hazardous of climate change which suffer our farming community. Adaptation is one of the pre-occupations in the field of climate change and disaster risk reduction. As such humanity has been adapting for generations to changing circumstance forced by natural or human beings, though such forced human adjustments were not necessarily called adaptation. What may be new these days is that the frequency and intensity of the risks has increased and that vulnerable communities are faced with increasing pressure to do more. But, what can poor farming communities with no other skills, limited alternatives and connections do? It is essential to know about the opportunities and challenges around adaptation in such poor rural communities. . Multistage sampling procedure was adopted for the selection of respondents. In stage first, one district was randomly selected out of the four climatic zones A, B, C and D. In second stage, four villages were randomly selected from each selected district. In the final stage, 50 registered farmers were randomly selected from each selected village in each district by using proportional allocation sampling technique [19, 20] as follows: ni = n (Ni/N) (1) Where; ni = Sample size selected from ith village n = Total sample size Ni = Population of registered farmers in ith village N = Population of farmers in all selected villages in each district Data and data collection Primary as well as secondary data was used in this study. Primary data from sampled respondents was collected through a wellstructured interview schedule. Interviews with farmers were conducted either in fields or Hujras (communal place in village) to get representative data. Secondary data for this study was gathered from various government publications/sources.
Analytical framework
To investigate farmers' perception of climate change, logit regression analysis was applied, where the dependent variable is typically qualitative and binary, having possibility of 1 or 0. To analyze the estimates of binary models, Ordinary Least Squares (OLS) can also be used. Sometimes, assumptions of OLS regression are violated, including nonnormality of the disturbances, heteroscedasticity problems and doubtful value of R 2 as the measure of goodness of fit [21] For instance, given: = + + (2) Where yi = 1 if a farmer perceives climate change and yi = 0 if a farmer does not; β0 is the intercept; βi are the parameters to be estimated; X is a vector of the all those explanatory variables used in the model, whereas ei is the error term. Linear regression when the dependent variable is dummy in nature then it is referred as Linear Probability Model (LPM). In regression when dependent variable is binary then linear probability model dose not fulfil the OLS assumptions of regression. Due to which it bursts from its ranges and gives misleading results for the conclusions based on hypothesis established [22] . So, Logit and Probit are the most appropriate models to avoid problems related to LPM [21] .
Between logit and probit, which model is preferable? In most applications the models are quite similar, the main difference being that the logistic distribution has slightly fatter tails, which can be seen in Figure 1 . That is to say, the conditional probability Pi approaches zero or one at a slower rate in logit than in probit. Maximum Likelihood Estimation (MLE) techniques guarantee the likelihoods range destined between 0 and 1. Probit and logit models use MLE which assess cumulative distribution, hence overcomes the problem related with LPM. In practice many researchers choose the logit model because of its comparative mathematical simplicity [21].
Figure 1. Logit and probit cumulative distributions
The probability and odd ratio are specified as: Pi = 1/1+e (-z) (3) Where; Zi= log (Pi/1-Pi) = β0+β1X1i + …βnXni + εi (4) Where: Pi = probability of ith farmer to perceive climate change. Zi= logit value or the log of odd ratio ((Pi/1-Pi).
(5) Odd ratio is the possibility of a farmer to perceive change in climate to the possibility that a farmer may not perceive climate change. The marginal effects can also be computed to predict the change in the probability with a unit change in independent variables. The marginal effects are computed as follows: 
Perception of the respondents regarding climate change
The respondents' perception regarding climate change was identified through the two most important climatic variables namely temperature and precipitation. Most of the researchers use these two variables namely; temperature and precipitation. Therefore, questions were asked from the farmers through well a designed interview schedule regarding their perception.
Questions were asked about rise in temperature. They were asked to identify whether or not they had noted: (a) Temperature increase (b) Temperature decrease (c) no temperature change (d) increase in precipitation (e) decreases in precipitation (f) no change in precipitation patterns (h) increase in farmers' return from agriculture (i) decrease in farmers' return from agriculture and (j) no change in farmers' return from agriculture due to change in precipitation. Moreover, farmers were addressed to know their view point regarding effect of change in precipitation on their return from agriculture. Among the total targeted respondents, 188 (89.52%) respondents reported increase in temperature. Similar results were revealed by [23] where majority (85%) of the respondents were of the view that there has been a rise in temperature. Similarly, [11] reported that more than half (52 %) of the farmers perceived increase in temperature. The 11 (5.24%) respondents noticed decrease in temperature, while the remaining 11 (5.24%) respondents realized no change in temperature. Similarly, precipitation also plays a vital role for crop yield everywhere in the world. Majority of the respondents that is 166 (79.05%) observed decrease in rainfall in KP supported by [11, 23, 24] where almost 61% and 75% respondents observed a decline in rainfall respectively. Out of the total respondents, 31 (14.76%) respondents noted increase in rainfall, while the remaining 13 (6.19%) of the respondents observed no change in rainfall. Out of the total selected respondents, majority i.e.170 (80.95%) of the respondents were of the opinion that return of farmers from agriculture was decreased by change in precipitation, followed by 21 (10%) respondents who reported an increase in farmers' return from agriculture due to change in rainfall, while 19 (9.05%) of the respondents observed no effect of precipitation on farmers' return from agriculture (Table 3) . It could be interpreted that younger farmers had more chance to perceive climate change than older ones (= -0.0392687, p<0.01). This may be due to youngers have more access to modern information and are more advanced about farming. Therefore younger farmers have greater sense of realizing changes in the surrounding environment as compared to older farmers. These research findings are similar with that of [25, 26] . Concerning the educational background of the respondents, study outputs proven that the probability of highly educated farmers to perceive climate change is more than less educated farmers (=0.0077668, p<0.05). This is due to the reason that higher education enables farmers to be exposed to agricultural information on climate change. Moreover, education enhances the farmers' potential to acquire and interpret information helping in making innovative decisions for performing their field operations. Farm size has no effect on the perception of farmers concerning climate change as it is clear from the results which is non-significant (p>0.1). With regard to farming experience, study results showed that more experienced farmers had higher tendency to recognize climate change than less experienced farmers (=0.0439332, p<0.01). This is due to the fact that more experienced farmers have more expertise in farming practices and thus be able to recognize any change in climatic patterns over time.
Estimated logit model for farmers' perception of climate change
Significant effect is also observed for extension visits (=0.0869686, p<.0.05) of on climate change perception. It means that farmers who are paid extension visits are more updated due to which they perceived change in climate as compared to those farmers who were not paid extension visits as supported by [12, 27] . Farmers in the central and southern climate zone of KP are more likely to perceive climate change (=-0.0619359, p<0.1). Results of this research study are supported by [9] where age, education, farming experience and extension visits/services were found significantly associated with farmers' perception on climate change. 
Conclusion and recommendations
This study examined determinants of farmers' perception about climate change across four climatic zones of Khyber Pakhtunkhwa and investigate farmers' perception of climate change. Response of sampled farmers revealed that majority of them noted a significant increase in annual temperature and decrease in annual precipitation. Due to these changes yield of main crops, such as maize and wheat, and farmers' return from agriculture are affected. This climate variability has signified the role of planning and research in agriculture sector. Thus the need to include programs for maintaining and enhancing the agricultural sustainability in the province should be realized at government level. As in the central and southern climatic zones of Khyber Pakhtunkhwa significant increase in annual temperature and decrease in annual precipitation was reported by majority of sampled farmers, development of high yielding and drought resistant varieties could help reducing potential decrease in yield and returns. The negative effect of temperature or drought could be reduced with supply of more water for irrigation. Education plays significant role in combating hazardous impacts of climate change. Government therefore needs to provide formal as well as informal education to farming communities about the detrimental effects of global warming. Extension visits also important determents of perceiving climate change. Government needs to implement proper monitoring system to assure frequent visits of extension personals in the province. 
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